Human activity since the industrial revolution through the use of fossil fuels is changing the natural composition of the atmosphere increasing the so called Greenhouse Gases (GHG). Extremadura's government decided to react actively towards the predicted climatic variations, and for that the "Strategy for Climatic Change for Extremadura" (2009Extremadura" ( -2012 
Fig. 1. Geographical zone of the Manchegan-Extrememaduran Railway Freight Corridor (Cofemanex)
The close inauguration of the extension works of the Panama Canal is going to increase predictably the traffic of huge merchant ships coming from the main Asian harbours, so the ports of Sines and Algeciras which serve as an entrance and an exit to the Iberian Peninsula, will gain lots of freight. In order to guarantee the correct transport of the products which leave the port of Sines to Europe, it will be necessary that Extremadura has a railway freight infrastructure that allows the traffic of upgraded railways.
The main aim of this investigation is to determine the savings of CO2 emissions produced by the adaptation and commissioning of the upgraded railway freight line (Cofemanex) through a comparison of the current transport conditions in freight transport in the area of influence of the Badajoz-Puertollano railway line with the different predicted scenarios of exploitation in the new infrastructure. We understand "area of influence", when speaking about the calculus of the CO2 emissions, the geographical zones of origin and destination to which the use of a railway line between Badajoz and Puertollano means distance savings. The range of the assessment in the difference of the emissions is done only for those movements directly attributable to the railway line or with equivalence in the road transport inside the autonomous community of Extremadura.
The emission savings will be due to two causes:
 The lowering of the emission factors (kg CO2/t·km) of the upgraded railway line regarding the current one.  The commissioning of the upgraded line will reduce the number of lorries circulating on roads, whose emission factors in unitary terms are far more superior to those ones which will be produced by the use of the new railways.
Methodology
In Figure 2 , a descriptive diagram of the process of quantifying (t) and valuation (€) of the CO2 emissions savings is shown.
Fig. 2 Quantifying and valuation process of the CO2 emissions savings
2. Freight transport current situation in the area of influence 2.1.
Road freight
The transport of freight by road with Extremadura as the origin or the destination (M.Fomento 2013) is enclosed in Table  1 . The table also includes the average of the medium loads estimated from this values. In Table 1 we can see that only 3.21% of the freight transport by Extremaduran roads have an international origin or destination, being the 39.88% national and the remaining 56.91% regional.
From the calculus of the emission factor on freight transport by road, we take as load the average of those obtained in the long haul and very long haul freight transport (national and international) for a security coefficient of 1.25 to consider an improvement in the management of transport. Under this premises the net average load considered is 10.03 t. This value includes the repercussion of the empty running trips.
Rail freight
The freight movement by rail with Extremadura as origin or destination is enclosed in Table 2 . Source: Coloma,JF (2015a) The international traffic with Badajoz as the origin or the destination in 2014 consisted of 6 trains (3 going away and 3 coming back) from Merida to Lisbon. We are talking about 400 metre long trains, composed by 30 containers. In one year this means a load of 187,200 t/year of inter-modal international transport. Therefore, the sum of the load (origin/destiny and transit) which currently has the Cofemanex Corridor is 547,976 t/year.
Situation of freight transport in the area of influence with the commissioning of the Cofemanex
In the calculus of the CO2 emissions, under this situation, several additional scenarios have been considered:
 We have taken into account a growth rate of rail freight movements with Extremadura as the interior origin or destination and also the increase of the transport operations due to improvements in other infrastructures (Panama Canal, Port of Sines, etc).  We have considered a freight movement transfer rate from road freight to rail freight due to the upgrade in the analysed infrastructure.  We can see a reduction of the emission factors in planned railway compositions in the adapted line, in respect to the compositions of the line in its current state.  We have dismissed the impact of passengers because the Cofemanex inversion will be used mainly to adapt the current railway line as an upgraded highly-functioning corridor. Furthermore, the highly-functioning mixed train (passengers/freight) is currently being built, which will link from north to south all the main settlements of Extremadura with Madrid, therefore the circulation of passengers in the Cofemanex is expected to be symbolic.
In Table 3 we enclose the potential demand predicted for railway transport under the following premises:
 Badajoz-Puertollano railway stretch devoted to freight transport. Source: Coloma,JF (2015a) In Table 4 we enclose the modal predicted distribution. 
Methodology for the calculus of CO2 emissions savings
The analysis has been focused in the emissions directly imputable from the commissioning of the Badajoz-Puertollano railway line as a highly-functioning corridor for freight transport in the area of the Autonomous Community of Extremadura.
The area of influence has already been defined, regarding the effects of the calculus of the emissions of CO2, in the geographical zones of origin and destination to which the use of a railway line between Badajoz and Puertollano means distance savings.
The calculated distance for the calculus in rail freight are those of the railway line. In the case of road transport we have taken into account the length of the Extremaduran route of the main tracks which link the different opposites of freight attraction and creation.
The difference in the CO2 emissions between the current situation and the future (upgraded line) will be the result of:
 The difference in values between the emission factors applicable to current rail freight and the new possible railway compositions to the adapted line.  The difference in the emission factors in road freight and the new railway possible compositions in the adapted line, applied to the freight previously transferred from road to rail transport.
In unitary terms evident savings are produced about the CO2 emissions (kg of CO2 per each net tonne and kilometre). Nevertheless, globally speaking, the emissions of the line will suffer an increase due to the larger number of freight transported in the period taken into account.
Emission factors in road freight
The Catalan Office for Climate Change (OCCC, 2011) provides values to road freight emission factors that vary mainly with the typology of the vehicle, fuel and area used. In this research we have considered the use of the European Monitoring and Evaluation Programme (EMEP, 2013) for being a more precise method in which the emission factor depends on:
 Technologies of the vehicle. There are in circulation different technologies from EURO I to EURO V which provide very different consumption and emission factors. We take EURO V diesel technology as the main type for being the most spread in the spatial and temporal scope of the investigation.  Medium load. According to the shown statistics in the characterisation of the current situation (without upgrading the railway line).  Type of vehicle. The most efficient vehicle, according to the EMEP classification, is a lorry between 26 and 28 tonnes of maximum gross weight.  Type of track and speed. It is considered, because of caution in the assessment, that the lorries carry out their entire duty on dual carriageway. In relation to speed, we consider that the speed suits the maximum admitted by the EMEP (86 km/h). The urban movements, due to their low representation in the total journey, are not taken into account.  Topography. Being this an extensive study about comparative studies (railway / railway and road / road) we assume the approximation derived from not considering the localised effect of the gradients. Table 5 encloses the emission factor per road freight from the equations gathered in the EMEP study. Having justified in the second section a net average transport of 10.03 t per lorry (including empty running), the emission factor by road turns out to be 0.061 CO2kg/t•km. Unlike what happens in rail freight, the road transport emissions don't depend in such an accented way on the type of vehicle, because the vehicles used on a large scale present the already mentioned characteristics and are not affected by the net transported load in appreciable quantities.
Emission factors of rail freight
The value of the emissions of rail freight transport depends on the following variables:
 The type of traction. We appreciate notable differences between diesel and electric traction.  Total net transported load. It is the variable with the largest impact in the emissions in unitary terms, CO2 g per each net tonne (t) and kilometre. The net load transported depends on the type of freight transported because this determines the railway composition.
We can differentiate four types of basic freight: cars, bulk, iron and steel and petrochemical products. Each one of this freight requires the use of a type of carriage, which presents different capacities or relationships between the transported net tonne (t) and tare (empty carriage weight). These differences are only perceptible among the designs of car transport and the rest mainly due to the volume of the cars, so we can state that if the rest of variables are preserved, the consumption between trains with carriages to transport bulk, iron and steel and petrochemical products are equivalent.
The size of the train has also a decisive effect in the reduction of the emissions in unitary terms. Being the locomotive the most heavy piece of the train, so it is convenient to lengthen the trains so the necessary energy to move the machine is diluted when the net total load is increased.
 Measure of empty running operations. Each loaded transport operation requires a certain number of empty running operations. The emissions of the empty running operations must be charged to the net tonnes (t) of the loaded operations.  The characteristics of the line. The lines present characteristics that directly affect the emissions of the transport operations, but also present other characteristics that repress the free election of the previous variables. The lines can be electrified or not, have a route with different gradient typologies, sidings that limit the maximum lengths of the trains and routes with different speed limits. Cofemanex presents soft gradients because its route occupies mainly the Guadiana's meadows and Serena's peneplain.
In Table 6 and Table 7 we enclose the emission factors for the different types of traction and transported load adopting a empty coefficient with a value of 0,80 for the transport of cars and 1,00 for the rest (which means that one empty carriage circulates per each loaded carriage). The values of the previous table have included the emission factors related to the necessary electric "mix" for the creation and transport of the electric power. Coloma (2015b) incorporates in his research a calculus of emissions in the Cofemanex from the Ecological Transport Information Tool, developed by the Institut für Energie und Umweltforschung Heidelberg. This study produces slightly superior values to those of González and García (2010) . Although, the "Railroad observatory" (M. Fomento, 2011) , provides slightly inferior emission values for soft gradients. In this investigation we use the values of González and García (2010) because they adapt better to the local conditions of load, profile and typology of the existent load in the Cofemanex. 
Emission factor per electric power consumption in Extremadura
The emission factor per electric power depends on the mix or sources of creation used in the national system. The Extremaduran power generating facilities carry out an extremely important role in the national electric mix. Extremadura produces a total of 21,342 GWh of which 5,485 GWh come from renewable energies, needing 4,477 GWh for its internal consumption. The rest of the electric energy that is produced is taking to other Spanish regions. This means that Extremadura supplies electric energy to itself from its own renewable sources and produces 4.7 times more electric energy that it needs for its internal consumption (AEE, 2011).
The Directive (2009) for the use of energy coming from renewable sources, establishes as a general aim that in Spain renewable sources represent at least 20% of the final energy by 2020. In Extremadura this indicator since 2011 exceeds 30% so this required value is thoroughly achieved. This implies in a way, that the CO2 emission factor for the electric power consumed in the railway line would be fewer than the one from the national electric mix, in which no renewable energy sources have a strong presence. Nevertheless, in the estimation of CO2 emission savings we have operated with factors linked with the national electric mix considering the regulatory frame in force which defines the electric national system.
CO2 emissions savings
In Table 8 we enclose the current CO2 emissions produced in the Badajoz-Puertollano line (Cofemanex). In Table 9 we have calculated the weighted average movement of the transported freight currently by road and that will be transferred to Cofemanex once it is functioning. In this table "ADT" is the vehicles average daily traffic, the "%H" is the percentage of heavy ones and "ADTH" is the daily average intensity of heavy ones (M. Fomento, 2014) . From this values "Weight 1" is obtained as the % of ADTH from each route over the total; and "Weight 2" as the % of the ADTH obtained from eliminating the routes that link areas situated outside the area of influence of the railway line. This last consideration is carried out through the coefficient "Use" in Table 9 . The weighted average distance is used in lorries and is measured inside the Extremaduran territory, travelling between Merida and the Origin/Destination main points in the area of influence of the Cofemanex. This allows us to obtain an weighted average length for heavy vehicle trips which travel on the routes which communicate Merida with the Origin/Destination main points placed inside de area of influence of the railway line.
In Table 10 we enclose the emission factors for the planned upgraded railway compositions of 750 t with the commissioning of the Cofemanex. We show below the emissions savings based on the emission factors and previously justified lengths. We use the following values:
 Emission factors. The emission factor in road freight is 0.061 CO2 kg/t•km (section 4.1). The current emission factor in diesel rail freight is 0.030 CO2 kg/t•km according to the average weighted emissions in Table 8 . The emission factor in diesel railway in the upgraded line is 0.025 CO2 kg/t•km reducing to 0.011 CO2 kg/t•km in electric traction according to the weighted average emissions in Table 10 .  Movement lengths by lorry. We have obtained 111km of weighted average movement for lorries with an origin/destination outside Extremadura according to Table 9 and 112.15 km of weighted average movement for lorries with intraregional origin/destination. To the extraction of this data we have considered the connection between Badajoz and Don Benito, equivalent to the current intraregional freight movements by road.  Movement lengths by railway. It shows 112.15 km of intraregional movement and 213.34 km of transit movement which is equivalent to the approximate length of Extremaduran route.
The modal distribution expected in Table 4 shows that the potential expected demand predicted for the years 2017-2021 corresponds to a 41% of the rail freight movement and a 59% of the freight gathering by road. Including everything that has been exposed we obtain the CO2 emissions savings which are enclosed in Table 11 for diesel traction and Table 12 for electric traction 
Economic estimation of the CO2 emissions savings
The European System of Commerce Rights for Greenhouse Gases Emission (GHG) (Directive, 2003) was created to achieve the objectives of the European union regarding climate change, inside the first European Programme about Climate Change (COM, 2000) . Assuming the agreement of transforming Europe in a high energetic efficient economy and lowering the carbon emissions, during the first months of 2007 the European Commission presented an integrated package of proposals about energy and climate which included concrete actions for the achievement of three ambitious objectives with the time horizon of 2020:
 Reducing the total GHG emissions by 20% in respect to the levels of 1990.  Reach the objective of 20% of renewable energy consumption.  Improve the energetic efficiency by 20%.
This directives were previous to the Spanish set of laws which controls the commerce set of rules of the Greenhouse gases emission's rights (Ley, 2005) and which modifies this to perfect and expand the general set of gases emission commerce laws and include aviation in it (Ley, 2010) . The National Plans of Assignment of Greenhouse Gases Emission's rights stablish the distribution of the emission's rights among the industrial installations affected by previous laws.
The methodologies used for quantification and report of the emission rights are the following:
 Greenhouse Gases Protocol (GHG, 2016) . International tool mostly used by governments and companies to comprehend, quantify and handle GHG emissions.  GHG Inventory. It is based in the GHG Protocol and establishes the specifications for the quantification and the report of GHG emissions, its validation and verification (Aenor, 2012) .  Carbon footprint in organizations (Aenor, 2015) .
The road and rail freight transport are out of the European Union Emissions Trading System, and there isn't a specific and suitable classification system about the measurement and control of the rights of emissions reports.
In this investigation we consider the transport as an activity inside the constructive process of an organization so we can estimate economically the savings considering the historic average contributions of emission rights. By means of the creation of a market with CO2 emissions right we will be able to internalise in the company's accounts the environmental cost of this emissions.
The European Union emission rights are the European Union Allowance (EUA). Figure 3 illustrates the recent evolution of the emission rights. As it shows, we can state that it is a high-volatility market, which depends on numerous uncertainties such as:
 Efficiency and speed in the implementation of measures promoted by different countries to reduce the greenhouse gas emissions effect included in recent international agreements.  Technological change in energy sources used in transport.  Technological development in the transmitters.  The complexity derived from a free market with emission rights and therefore subject to speculative processes, accented by the weakening of fossil fuels.
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0). In Table 13 (diesel traction) and Table 14 (electric traction) we show the final estimated savings in emission rights using the results of Tables 11 and Table 12 
Conclusions
Human activity since the industrial revolution through the use of fossil fuels is changing the natural composition of the atmosphere increasing the so called Greenhouse Gases (GHG). Extremadura's government decided to react actively towards the predicted climatic variations, and for that the "Strategy for Climatic Change for Extremadura" (J. Extremadura, 2009 ) was approved, which marked the strategies to follow regarding the mitigation and adaptation to climate change. Among the strategies some concrete measures are included like developing annual inventories of GHG emissions and contributing to the development and demonstration of innovative approaches, technologies methods and instruments.
With this objective in mind, we develop this investigation where data and conclusions dealing with the savings of CO2 emissions are given through a comparison of the actual freight transport in the area of influence of the line BadajozPuertollano with various scenarios of exploitation for the new planned infrastructures. The savings of the emissions will be caused by:
 The lowering of the emission factors (kg CO2/t·km) in the upgraded railway line in respect to the actual one.  The commissioning of the upgraded line will reduce the number of lorries circulating on roads, whose emission factors in unitary terms are far more superior to those ones which will be produced by the use of the new railways.
By the period 2017 to 2021 the corridor would have extracted from roads 863,204 transport operations by lorry. For the data obtaining, we take as a starting point the potential demand described in section 3 and the percentage of rail/road estimated bypass in 2019, which is the 59%. It is necessary to have in mind that per each net tonne transported in the corridor a 59% less of CO2 would be emitted than if it were transported by road with diesel rail traction, and an 82% less if the rail traction would be electric.
As a reference point, we can state that CO2 emissions of industrial processes in the region, were 441,900 t in the year 2011. This means a total savings accumulated in the period from 2017 to 2021 in the CO2 emissions around 1.76% and DOI: http://dx.doi.org/10. 4995/CIT2016.2016 This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0).
3.02% for railway compositions with diesel traction and electric respectively, about the emissions of the current industrial processes in the region.
Operating under the hypothesis of being able to apply the predicted evolution of the CO2 emission rights price in the world market to the transport sector (a sector which is currently out of the European Union Emissions Trading System) we would obtain all the savings gathered by the period 2017 to 2021 which vary between 74,580 € and 224,128 € for railway compositions with diesel traction and between 128,005 € and 384,681 € for electric traction.
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